INTRODUCTION
Antiphospholipid syndrome (APS) is an autoimmune disease characterized by the cardinal manifestations of thrombosis and pregnancy loss [1] . At the same time, the systemic nature of APS is highlighted by other associated features that include cytopenias, cognitive dysfunction, cardiac valve disease, renal impairment, and skin ulcers [2 && ]. Patients with APS have circulating antiphospholipid antibodies, as measured by assays for anticardiolipin immunoglobulin (Ig)G or IgM, anti-b-2 glycoprotein I (antib 2 GPI) IgG or IgM, or lupus anticoagulant [1]; at least one of these tests should be durably positive to classify a patient as having APS. The causes of APS are unknown, although it is well established that about half of diagnoses will occur in the background of systemic lupus erythematosus (SLE) [3] ; the remaining cases are designated as 'primary APS'. Although APS is clearly an autoimmune disorder, it has no proven immunomodulatory treatment. Rather, day-to-day therapy focuses on managing downstream morbidity with anticoagulant medications, such as heparin and warfarin [4 & ].
A rare, life-threatening presentation of APS has been coined catastrophic antiphospholipid syndrome, or CAPS. CAPS is characterized by simultaneous involvement of multiple organs, with histology demonstrating myriad small-vessel occlusions suggestive of a thrombotic storm [5] . We should point out that the majority of what we know about this condition must be credited to the impressive international 'CAPS registry', managed by the European Forum on Antiphospholipid Antibodies. This collection of clinical data for almost 500 CAPS episodes is periodically reviewed in systematic fashion [6] , with the most recent endeavor published in 2014 [7 && ]. For this article, published literature was systematically reviewed as described in the 'Supplementary Methods'.
PATHOPHYSIOLOGY
As few specimens from CAPS patients are available for study, essentially all concepts regarding CAPS pathophysiology are derived from investigations of classic APS [8] . In classic APS, antiphospholipid antibodies engage phospholipid surfaces via intermediary lipid-binding proteins, such as b 2 GPI, and thereby activate endothelial cells, platelets, monocytes, trophoblast cells, and neutrophils with prothrombotic implications [9,10 & ]. Mechanistically (and with relevance to potential therapies), cell activation is dependent on both the intracellular transcription factor nuclear factor kappa-B and the extracellular complement cascade [9, [11] [12] [13] . In addition to direct cell activation, antiphospholipid antibodies may also disrupt natural anticoagulant and procoagulant regulators in vivo, such as annexin V, protein C, prothrombin, and tissue factor [14] . In 1998, Kitchens reported six cases (at least three of which would meet current criteria for CAPS), and hypothesized that thrombosis can beget more thrombosis in at-risk patients via an increase in inhibitors of fibrinolysis [15, 16] . Although it is unclear exactly how antiphospholipid antibodies potentiate this thrombotic storm, many CAPS patients clearly improve with anticoagulation (see below), and an imbalance between fibrin generation and lysis must be at least partially responsible for CAPS. At the same time, there is clinical evidence of a cytokine cascade or systemic inflammatory response syndrome (SIRS) in many CAPS patients [17] . As will be discussed below, the approach to treatment has therefore focused on quieting not just thrombosis, but also the SIRS response.
DIAGNOSIS
The earliest description of CAPS dates to 1984 [18] , followed soon thereafter by several case descriptions [19] . In 1992, Asherson [19] defined CAPS as 'widespread coagulopathy, strongly antiphospholipid antibody related, but totally distinct and separate from any of the other recognized inherited or acquired coagulopathies'. CAPS diagnostic criteria were originally proposed by Asherson in 2002 [20] , subsequently endorsed by an international consensus [21] , and ultimately validated in 2005 [5] . These criteria ask the clinician to look for the rapid onset of thrombosis in multiple organs, as well as circulating antiphospholipid antibodies (Table 1) [5] . As diagnosis is essentially dependent on the presence of these antibodies [5] , and as almost 50% of patients will have CAPS as their first manifestation of APS [7 && ], a high index of suspicion is needed. The lupus anticoagulant (a functional test for antiphospholipid antibodies) is identified by demonstrating prolongation of a phospholipid-dependent clotting assay that does not correct with mixing, but can be quenched with excess phospholipids [22] . Indeed, lupus anticoagulant is the antiphospholipid antibody test that best predicts thrombotic events in APS [23 & ], and 82% of patients in the CAPS registry have been reported to have a positive lupus anticoagulant [6] .
Clinical states that prolong clotting times, such as therapeutic anticoagulation or disseminated intravascular coagulation (DIC), introduce inherent complications (and the potential for false positives) into lupus anticoagulant testing. [27, 28] . Fortunately, 83% of patients with CAPS have been reported to have
KEY POINTS
A high index of suspicion is needed to make the diagnosis of CAPS, as many patients (up to 50%) will have CAPS as the first manifestation of APS.
Although there are no prospective studies regarding treatment of CAPS, experts in the field recommend anticoagulants and corticosteroids for essentially all patients.
On the basis of retrospective data, patients treated with triple therapy (anticoagulants, corticosteroids, and either plasma exchange or IVIG) may have better outcomes than patients treated with anticoagulants and corticosteroids alone.
Cyclophosphamide seems to improve survival when CAPS occurs in patients with SLE; this is in contrast to patients without SLE, who may have worse outcomes with cyclophosphamide.
anticardiolipin IgG [6] , and detecting high titers of either anticardiolipin or anti-b 2 GPI will increase the clinician's confidence regarding the diagnosis of APS or CAPS. In summary, relying on an isolated lupus anticoagulant should be done with trepidation in critically ill patients in whom the aforementioned confounders may exist. Our recommendation is to always consult with local hematologists and coagulation lab personnel for help in sending and interpreting these functional assays in critically ill patients.
A key to the diagnosis of CAPS is a careful consideration and exclusion of other syndromes that can simultaneously target multiple organs, and in particular the microvasculature of these organs (Table 2 ). This complex topic has been reviewed in detail in an excellent, recent review [29 && ]. Hyperferritinemia is emerging as a biomarker that may help distinguish CAPS from classic APS ($800 vs. $100 ng/ml; P < 0.001) [30] ; however, it is not yet clear whether elevated ferritin would help segregate CAPS from other causes of critical illness. CAPS can present with microangiopathic hemolytic anemia (21.7% of patients in the CAPS registry) [7 && ], and how to differentiate it from thrombotic thrombocytopenic purpura (TTP) is among the most common questions that arise clinically. Antiphospholipid antibodies are rarely present in idiopathic TTP, and when they do occur, they are almost always at a level below 40 U/ml in anticardiolipin and anti-b 2 GPI assays [29
&&
,31] (in cases of lupusassociated TTP, we are unaware of studies characterizing antiphospholipid antibody levels). Also helpful in differentiating CAPS from TTP is the number of schistocytes. Although these can be seen in CAPS, the levels are typically well below the standard set by TTP [29 && ,31]. Finally, a clinical pearl suggested by some experts is that lung involvement would favor CAPS over TTP [29 && ]. Of course, and as has been pointed out by others [29 && ], these various conditions can present with clinical overlap, requiring an adaptable and multispecialty approach to the care of these patients.
ETIOLOGY AND ASSOCIATIONS
It is well accepted that for APS in general, and especially for CAPS, a second hit is needed to tip a primed system toward thrombotic events. In the most recent analysis of the CAPS registry, almost two-thirds of CAPS cases (65.4%) were attributable to a clear precipitating factor [7 && ]. These included infection (46.7%), malignancy (17.6%), surgery (16.8%), and subtherapeutic anticoagulation (10.9%) [7 && ]. It is possible that infection is even more strongly linked to CAPS when the analysis is limited to children; for example, a query of the CAPS registry found infection in 60.9% of children, as compared with 26.8% of adults (P < 0.001) [32 & ].
Infection
Infection is the most common trigger of CAPS [7 && ], and administration of LPS in an animal model promotes antiphospholipid antibody-mediated microvascular thrombosis [13] . Organisms that have been Table 1 . Preliminary criteria for the classification of catastrophic antiphospholipid syndrome (APS) 1) Evidence of involvement of three or more organs, systems and/or tissues a 2) Development of manifestations simultaneously or in less than a week 3) Confirmation by histopathology of small vessel occlusion in at least one organ or tissue b
4) Laboratory confirmation of the presence of antiphospholipid antibodies (lupus anticoagulant and/or anticardiolipin antibodies) c

Definite catastrophic APS
All four criteria
Probable catastrophic APS All four criteria, except for only two organs, systems and/or tissues involvement All four criteria, except for the absence of laboratory confirmation at least 6 weeks apart due to the early death of a patient never tested for antiphospholipid antibodies before the catastrophic APS 1, 2 and 4 1, 3 and 4 and the development of a third event in more than a week but less than a month, despite anticoagulation ]. Other viral infections, such as herpesviruses and human immunodeficiency virus (HIV), have also been reported as precipitators of CAPS [6, 33] . There is even a report of mycobacteriuminduced CAPS in a patient with chronic HIV and hepatitis C infections [34] . Key sites of infection are respiratory tract, cutaneous, urinary tract, gastrointestinal tract, and systemic/sepsis [35] . Finally, beyond its role as an initiator, infection is the cause of mortality in 14.1% of CAPS cases, including bacterial sepsis, candidiasis, cerebral abscess, and pneumocystis-associated pneumonia [36] .
Malignancy
Both cancer and chemotherapy are well known precipitators of CAPS [37] . Not surprisingly, malignancyassociated CAPS has demonstrated a trend toward higher mortality (61 vs. 42%, P ¼ 0.07) [37] . Specific malignancies linked to CAPS include hematological (26%), lung (17%), and colon (9%) [38] .
Pregnancy
In a series of 255 CAPS cases, 15 occurred during pregnancy, with notable features that include HELLP (hemolysis, elevated liver enzymes, and low platelets) syndrome, placental infarctions, pelvic vein thromboses, and thrombotic microangiopathy [39] . CAPS was the first-ever manifestation of APS in 4 of the 15, underscoring the need to keep CAPS in the differential diagnosis for all patients [39] . Mortality attributable to pregnancyassociated CAPS was very different between this study (46%) [39] and a more recent series [40] , which is perhaps attributable to advancement in management of CAPS in recent years.
Systemic lupus erythematosus
Although not a precipitating factor in the same way as infection or malignancy, identification of the presence of SLE is critical to the management of CAPS, both in terms of diagnosis (as the well known association between SLE and APS would place CAPS higher on the differential) and therapy (as discussed below). In general, SLE-associated CAPS occurs in younger patients, associates with more cerebral involvement, and has higher mortality [41] . Specifically, reported mortality is in the order of 58% in SLE, as compared with 35% in primary APS [41] . Perhaps related to the baseline treatment of SLE patients with immunosuppressive therapy, infection was an especially common precipitator of CAPS in SLE, as compared with primary APS (P ¼ 0.006) [41] .
MORBIDITY AND MORTALITY
CAPS likely complicates around 1% of APS cases. For example, a European study [42 && ] of 1000 APS patients found nine new cases over 10 years of follow-up (five of whom died). In an Italian series focusing exclusively on patients with 'triplepositive' APS serology, 4/160 patients (2.5%) were diagnosed with CAPS [43] . Indeed, triple-positive APS (when a patient has positive testing for anticardiolipin, anti-b 2 GPI, and lupus anticoagulant) is also associated with a higher risk of thrombosis in classic APS [43] .
CAPS, by definition, targets multiple organ systems simultaneously. The systems most likely to be affected include renal (73%), pulmonary (58.9%), central nervous system (55.9%), cardiac (49.7%), cutaneous (45.4%), peripheral vessels (36.2%), intestinal (24%), spleen (16.7%), adrenal glands (10.6%), pancreas (7.2%), and bone marrow (3.1%) [7 && ]. Other rare targets include testicles or ovaries, the prostate gland, and even acalculous cholecystitis [7 && ]. It is worth noting that a Japanese series found a higher percentage of CNS involvement, on the order of 87% [44] .
In early case series, mortality from CAPS was estimated at around 50% [45] . Death is most commonly attributed to cerebral involvement (19.5%). Other etiologies are cardiac (14.1%), infection (14.1%), multiorgan failure (12.4%), pulmonary (7.1%), and abdominal (4.5%) [36] . Autopsy results found evidence of microthrombosis in 84.5% of patients. Other common autopsy findings were infarction (53.4%), noninfectious endocarditis (27.6%), and large-vessel thrombosis (19%) [46] . In non-lupus CAPS, mortality is predicted by age over 36, more organs involved, and need for hemodialysis [41] . In lupus-associated CAPS, adrenal involvement predicted higher mortality, while thrombocytopenia was associated with better outcomes [41] . A final point is that CAPS, not surprisingly, predicts a more severe variety of APS. Of patients who survived their first CAPS episode, 16% ultimately died as the result of a different clinical manifestation [47] .
THERAPY
The mortality of CAPS is high [45] , but has improved in recent years (survival now 63%), presumably the result of greater education about, and employment of, therapy [7 && ]. Currently, expert consensus recommends the use of anticoagulants and corticosteroids in essentially all patients, with a strong consideration for the further addition of plasma exchange or intravenous immunoglobulin (IVIG) (Fig. 1) . Addition of cyclophosphamide should also be considered in patients with SLE. It is important to note that this is a field without any prospective studies, and the best data come from analysis of the aforementioned CAPS registry.
Anticoagulation
The most compelling evidence for any treatment in CAPS regards the use of anticoagulants. In an analysis of 280 patients from the CAPS registry, 244 received any type of anticoagulants, and 36 received none [6] . Survival was significantly better in the anticoagulated patients (63 vs. 22%, P < 0.0001) [6] . A common question regards the specific type of anticoagulation that needs to be used. Although there is no evidence to favor unfractionated heparin over low-molecular-weight heparin or warfarin [46] , most critically ill patients should probably receive unfractionated heparin, given its reversibility [7 && ]. Another practical point is that patients with a positive lupus anticoagulant may have an elevated partial thromboplastin time at baseline; therefore, following additional readouts (for example, an anti-factor Xa assay) is recommended. Fibrinolytics, such as streptokinase, have been utilized in a small number of studies [48, 49] , but there is no standard recommendation for their use, even in refractory cases. Similarly, there is no known role for antiplatelet agents or the direct oral anticoagulants in CAPS.
Corticosteroids
Corticosteroids have been proposed as a means to blunt the inflammatory aspects of CAPS, and are recommended by most experts [7 && ]. It should, however, be noted that because corticosteroids have typically been employed in combination with anticoagulants, there are few data to independently support their use. For example, in an analysis of 242 patients from the CAPS registry, 190 were treated with any corticosteroid regimen [46] . Of the 190, 65 received an intravenous pulse (methylprednisolone 500-1000 mg daily for 1-3 days) and 64 received 1-2 mg/kg/day (methylprednisolone equivalent, oral or intravenous); the specifics were unknown in the remainder [46] . When considering only the presence or absence of corticosteroids (and ignoring concomitant therapy), there was no difference in recovery between the groups (55.8 vs. 56.9%, P ¼ not significant) [46] . Furthermore, in the same study [46] , 11 patients received corticosteroids as monotherapy, and only two of the 11 survived. Despite these negative data, it should again be noted that in the most recent analyses of CAPS therapy, corticosteroids are used in combination with anticoagulants more than 99% of the time [7 && ]. Although no dosing regimen is evidence-based in CAPS, expert consensus favors the use of high doses, similar to what is employed in severe manifestations of SLE (i.e. methylprednisolone 500 mg daily Â 3 days) [50] . Also in line with the treatment of SLE, more moderate doses ($1 mg/kg/day) should be considered in patients with significant infectious complications.
Plasma exchange and IVIG
Given the known benefit of plasma exchange in patients with a different type of microangiopathy (TTP), as well as the accepted pathogenicity of antiphospholipid antibodies themselves [9] , plasma exchange has been proposed as a potential therapy in CAPS [49] . Retrospective data have demonstrated a survival of 77.8% for 18 patients treated with triple therapy (anticoagulants, corticosteroids, and plasma exchange) as compared with 55.4% for the patients who did not receive this treatment (P ¼ 0.083) [46] . In another series of patients, plasma exchange was utilized in 21 patients, alongside other standard-of-care treatment; 16 had complete control of CAPS, and three had a partial response [51] . It should be noted that most reported patients in the literature have received plasma exchange with fresh frozen plasma (rather than albumin) as the replacement fluid [29 && ]. As plasma may contain beneficial antithrombotic factors [52] , it is unclear whether similar outcomes would be seen with albumin as the replacement fluid (or with simple plasmapheresis).
Regarding IVIG, its addition to anticoagulants and corticosteroids seems to associate with improved mortality (although most analyses have grouped plasma exchange and IVIG together given low numbers of patients). For example, in an analysis of 342 patients, the 160 who received triple therapy with anticoagulants, corticosteroids, and IVIG along with plasma exchange (or only one of the two) had better survival than those patients who received neither plasma exchange nor IVIG (P ¼ 0.04) [7 && ]. Typically used at doses of 0.4 g/kg/ day Â5 days, IVIG may be particularly favored in patients with thrombocytopenia, and has the advantage of being immunomodulatory rather than immunosuppressive. Further, IVIG is a treatment that has at times been used in classic APS, for example, to address growth restriction in pregnancy [53] , and even to treat patients with recurrent thrombosis [54] .
Some clinicians may prefer to use IVIG in combination with plasma exchange. If that is the case, then it should not be administered until plasma exchange is complete. Other practical considerations include the association of IVIG with both increased thrombotic risk and worsening renal function in patients who do not have CAPS [55] . We would therefore recommend using sucrose-reduced preparations that are less nephrotoxic, and avoiding IVIG in patients who are not being actively treated with anticoagulants.
Cyclophosphamide
An important consideration is whether immunosuppressive therapy beyond corticosteroids should be administered. When CAPS occurs in a patient with SLE, our recommendation would be to strongly consider cyclophosphamide (typically administered intravenously at doses of 500-750 mg/m 2 , adjusted for renal function, as has been utilized for other organ-threatening and life-threatening manifestations of SLE). Indeed, in an analysis of 103 patients with SLE-CAPS, cyclophosphamide (administered to 47% of patients) decreased mortality [odds ratio ¼ 0.20 (0.06-0.71); P ¼ 0.013] [41] . In the same analysis, there were 126 CAPS patients without SLE, of whom, 15% received cyclophosphamide.
In these non-SLE patients, cyclophosphamide was actually associated with increased mortality [odds ratio ¼ 8.5 (1.91-37.83); P ¼ 0.005], although with the caveat that patients who received cyclophosphamide had more severe disease based on the number of organs involved [41] . When considering the timing of cyclophosphamide, the clinician should know that the duration of its effects will be measured in weeks. As such, ensuring control of any complicating infections is important before administration.
Rituximab
Rituximab is a humanized anti-CD20 monoclonal antibody, devised to target B-cell malignancies, but now also proven efficacious in autoimmune diseases, such as rheumatoid arthritis and small-vessel vasculitis [56] . Additionally, rituximab treatment (either alone or in combination with cyclophosphamide) has been reported to be successful in refractory manifestations of SLE, including nephritis, neuropsychiatric disease, and autoimmune hemolytic anemia [57] . In a review utilizing the CAPS registry, 20 rituximab-treated patients were identified, all of whom were concomitantly treated with other potent modalities (100% anticoagulants, 85% corticosteroids, 80% IVIG, 65% plasma exchange, and 20% cyclophosphamide) [58] . In 8 of these 20 cases, rituximab was part of first-line therapy (due to either severity of disease or underlying lymphoma); in the remaining cases, rituximab was administered due to progressive manifestations or declining clinical status [58] . With the caveat that no comparison group was included in the study, it is notable that 15 of the 20 rituximab-treated patients (75%) recovered from their CAPS episode [58] . It should also be pointed out that a pilot study [59] of rituximab in classic APS showed a good safety profile, and perhaps some efficacy against noncriteria manifestations of APS, such as skin ulcers. A practical point is that if plasma exchange is utilized, rituximab administration should not occur until that course is complete.
Eculizumab
Eculizumab is a humanized monoclonal antibody that prevents C5 complement activation [60] , and is approved as treatment for atypical hemolyticuremic syndrome (aHUS) and paroxysmal nocturnal hemoglobinuria. In aHUS, approved dosing is 900 mg once weekly for 4 weeks, and 1200 mg every-other-week thereafter [61] . As complement activation plays a key role in animal models of APS thrombosis [12, 13] , eculizumab has sometimes been considered in refractory cases of CAPS. For example, APS is associated with poor outcomes following renal transplant, and two cases have been reported in which a CAPS-like picture was mitigated (and renal function preserved) with administration of eculizumab [62 & ]. Additionally, several case studies [63] [64] [65] [66] have suggested efficacy in CAPS patients who failed to respond to triple therapy, and sometimes also rituximab. With caution, eculizumab may therefore be considered as a medication of last resort in CAPS, when organ-and life-threatening disease persists despite treatment with triple therapy. But, the clinician must acknowledge that, at this point in time, its utilization is based almost exclusively on the promising work in animal models [13] , and a case-report literature that is likely affected by publication bias. Going forward, complement inhibition via a different agent is currently being explored for noncriteria manifestations of classic APS, such as thrombocytopenia, skin ulcers, and nephropathy (www.clinicaltrials.gov; NCT02128269). This clinical trial may give a better sense of safety (and possibly efficacy) of such medications in APS.
Intensive care unit recommendations
Experts have recommended minimizing arterial instrumentation when possible (given risk of new clots), and also utilizing lung-protective ventilation, glycemic control, and gastric ulcer preventive measures (given high doses of corticosteroids and anticoagulants) [67] . These are recommendations with which we agree.
SUMMARY
Establishing the diagnosis of CAPS requires a high index of suspicion, as outcomes are poor without timely diagnosis and targeted therapy. CAPS is not the only systemic syndrome to present with microangiopathy, and so high titers of antiphospholipid antibodies should be sought as confirmation of the diagnosis. Common associations include infection, malignancy, and SLE. All should be considered as early as possible in the patient's course.
We would strongly recommend anticoagulation initially with unfractionated heparin in all patients, and consultation with a hematologist regarding dosing and monitoring. At the same time, administration of corticosteroids is recommended by experts, and has been employed in the majority of patients who survive (although the data to support their use are less compelling than for anticoagulation). Patients with SLE should additionally receive cyclophosphamide (500-750 mg/m 2 ), adjusted for renal function, unless there is a contraindication such as serious infection. In patients with organthreatening manifestations, we would recommend the early initiation of plasma exchange (or possibly IVIG in some circumstances). Indeed, the concept of 'triple therapy' with anticoagulants, corticosteroids, and either plasma exchange or IVIG is marginally supported by retrospective data, and is recommended in most expert reviews.
Rituximab (possibly in combination with cyclophosphamide) is also a consideration in patients who have relapsed previously, or who are not responding to the above therapy. Animal data have suggested a role for the complement cascade in both obstetric and thrombotic APS, and eculizumab can be considered in refractory cases, as long as the highly experimental nature of this therapy is recognized.
Acknowledgements
We would like to acknowledge Whitney Townsend, MLIS, Informationist at the University of Michigan Taubman Health Sciences Library, for her assistance with the literature search. Supplementary Methods: For this review, searches were run in the following databases, from the database start date through October 6, 2015: Medline via PubMed, Embase, Scopus, Web of Science, CENTRAL, and Clinicaltrials.gov. Search strategies were customized for each database, and utilized keywords and controlled vocabulary terms when available for the concept of catastrophic antiphospholipid syndrome. Search terms included: Hughes' syndrome, beta-2 glycoprotein, antiphospholipid syndrome, antiphospholipid antibody syndrome, APS, CAPS, and catastrophic, multiorgan, or sepsis. Date range and language limits were not applied. Special effort was made to screen conference proceedings using Scopus and Web of Science, and ongoing or unpublished trials were searched for using CENTRAL and Clinicaltrials.gov. Identified references were independently reviewed by two of the study authors (N.M.K. and J.S.K.). Reference lists of highly relevant articles were also assessed to identify additional citations. 
Conflicts of interest
There are no conflicts of interest.
Treatment of catastrophic anti phospholi pid syndrome Kazzaz et al.
